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[fi^rSl 2] 
IIS*S13J 

^^)0. 5Km%©ig|ST©iafp#«K. -?•©«[, 4*:»4'tti-fc©S-&fet;ffl*-§to-g-?>lS-Cfc9> !6»o«trlB«Ete3E 

«t**5 <t i^fiSiEsJ? y r -fe ^' -/visftic 

Wf/'Wp= [VF/ (1-VF) ] -Df/Dp 

(5tt« Wf rttflfB^«*t©M:T?*)t), WplifrlB^y-7-©Smt?fc?). VFtiiiitlO. 0 1~0. 3©^iart© 
^«tt©M*Lt^{$a3>^-Cfct). D f «iIlB3E««-©9gS-efe*), -?:LTDpf±SuiBJKy-r-©^a-C*)5. ) t 
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Iit*«i4l 

VF;^iKio. io~o. 2 0©«Bffifcfc5::i*4$«ti-5ll*«l 3»rfE«<om 

61 

[lt*«17l 

[!f*«18l 
tK*«l 91 
[il*«2 0l 

[i«*«2 11 



[«M©^*B'S!ftWl 
[00 0 1 1 

HiMi»®»tt©a*UV^»-&-e-Sr/T^'tlSJgifefiffl05J^yT-fe^'-ywfflj*feicBa-t-5. J;t)A<*6*l»;:»±v 
(0 0 0 21 

jHyr-fe^-/Vtt. Sftffi»c*5V>TMI*0t?fe»). ±t UTsKy :a-=^r->'p«f'UV*^!Ky-r-*jJ;t«ta-&{*:<!?J^||T 

/wAT-'i^k K*3i^u>*#VK*fcttl. 3-':>*!¥y7>'OJ:5'j:i'^5v^5/il84*3i-7'/wi:^k-g-$-^T, Z 
vM::iE1gPg-t-?) 2 U±<D;^ ^ U'>-SSr*t5 y -7-||^jfM1-5 r i »c J:oTff^fiK$^^. J: -oT^^^y 
•7-©-?:nSr^;tTfi$;ttt$reic»t2). ^!lx.fi. 7|iS#fFS2 , 7 6 8, 9 9 4 >|tH!|trF^ 3 . 0 2 7. 3 5 

[0 0 0 31 

elf«$ttT#fc. {t^e«)/j:t©(4. mi\z^^n^Xof£. DuPon t*»t>A^^BE^i. De 1 r in (S^iSS 
) *^-d<y-^-oaRat?fe5. Ill 14, *efc«jKyT-fea'-/i'*!*!Ky-^-d>t,f4#t,it'i>'''H'JtttBtti:Offl'& 
1i-5ril*i-2)fc*lceicK$HT^fc3Ky7iri?-/w*^jKy-7-(DiS^6?)tc:A#^|g/^^u- K^S^-f. iJlt^AS 
TM D7 9 0IClJfoTS!l^$tl?.*lf^tt^»Cj:-3T/T$tL. ©tttlASTM D 2 5 6 fCiSoTSO^ ^tlS^ y 
'^^WtT'T/s' K (I zod) WSSttlwJ; 
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J/m(ft-lbs/in) 
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2250 (330) 
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1130 (160) 


840 (16) 


525GR 




8000 (1160) 


96 (1.8) 



[0 0 0 5] 

?lt^#^l$r#fi8LT. m\^^:^y7.mmir-])T±^-J^mmim^\::yi^>'Vi-^Zt (fisj^tf. De 1 r in 
(S®S5«) 5 2 5GR) 11. Del r in (e®ffi!S) 5 00J:f?t>. ffltt^Ci3V^X«1 1 3 0 ^rLTHfltt 

10 0 0 61 

mk\ts An c k e T b^(0^m^f^^4, 7 9 5. 7 6 8-§-fi. 2 y;^r T y >KTmi*aS^ixfc 5 0 

[0007] 

Orange, 10th Int. Conf. Deformation, Yield, and Fracture 
of Pol yme r s (^1 0^lS^^m4(Dmi. t^iki^XV^^mizmi'^^m) . In s t. of Ma t. 
, pp. 5 0 2 ff (1 9 9 7) fl. M*tt3;^xTy ^^i$«igUfcdfe5j:t/**aS(00. 1 Mm*3j:t/2Mm(OCa 

10 0 0 8] 

Suetsugu, The Polymer Processing Society. (1990) l±, 30 KM 
%(0:^TT])>'&id:mLit4. 3 /im<DCa C0 3^^^i-S^S^J^*7Ky7'^t*UVM^ft^C:fcl^T2 3 0%oy 

1000 9] 

g£i^»^tOffiS^ffltCja(:t^faftillKKt^fiafPjilB)5®Et O t t e w i l l J . O i 1 Co 

lour Chemists Ass n, 50:844 (19 7) JlM^J^SixTV^-Sc 
[0 0 10] 
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C.Keith R i e wiJit/A nthony J.Kinloc hi^tOT oughened Plastics 
1 (5S'(b^7 ^^^-^^I), American Chemical Society, Washington. 1 

[0011] 

tfjK!J;*-^->y9'UVjKy-7-. iii<)0. l~i^3. 5-=?'l'^D^-h;W5^SScOliH<0*ffla¥t?)iI'^l;Wt. 5£;IT 
cdt;^'<^ hit (^«*JiBi^wft:*:-^-feif:/h-^-«feto¥*9©Jt) Sr*i-5«6;'fe5t«*J*?) 1 W/o~3 0^:9%. <f 

[0 0 12] 

Wf /Wp= [VF/ (1 -VF) ] -Df/Dp 
(^4". W f 0 . Wp (4;Ky -r-®ai:T?i> 9 . VFI4> *^0. 0 1~0. 3(0$6ffl©, 

[0 0 13] 

w i »r J;oT> m%m(0:^^ y -^-fciUtaKWroffi^acTOar^^tl-^^WA!? /Ky -7- J; t,#tt05fe#5rtyt 
[0 0 14] 

sKy 7-fe^-;v*^/-Ky *5j;U'2a±©T/VT t K*fctt^*?3^-r-'V^y •7-^>t,Jg^$i^fc*fi'&(f tt. 
[0 0 15] 

*l68^©lllS(-i:o-C»t LV^jKy 7-fe<5'-/W4. sKy -^^WV^^jKy -7-. t fcttP^-fS;^ ^ l^:^Sar 

*1-57yi'^u>'aiN^5iL*fi[l O^^w'/oS-C^^tf-^-KW^a-g-ftiSr^tf, LV^^tl-^^tt, aftl#<^«it;i5 
i:C:5»c«eoT, s^^>'^A7>'^xt K*fcHhy:^^f->Sr, 2- l 2i@©^Sli^^Sr^1--5JS^^:t-x;K »*L< 
ttl. 3-v;';*-=aE-y7>i*a'&$*5ri:'lwJ;oTJ^^$tt2.tj<0Sr^tf. »*U<f4. MIE7;v*U'>'SSiSU 
mm, ±jKy-7-05 5^;i-%£tT, fttif* t<(42^;v%aT»rffi^-f5. ff^ LV^^Ky ;d-^v-^^u>'*S-& 
#f4s jKy ^-^cffi;5*Lji^i^/ci^^>'^=^E■v'K©S^^5i^>)2fifiv^•— hT-fo.57^>'Vi^7/Wr t Kti^V'>':^=Sf 
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(d i po 1 yme r) Vh^o ^3m(0m^^\Zi^^ir^tcibOtt}^ L\^^niV ^'^^^^ 
i6XV^^m^W^t. ^t^2 0, 0 0 0;6^blOO, OOO. X^iftL<^t20, 0007i^>b80, OOO.ffitif* 

oT:iiy K^-y ;/7'$nT::^;^7^>'i-tfcfin:^x;vs, »*L<fi. tum^lffl^'l^t^^S^fFlla. 76 8, 9 9 4 
[00 16] 

^{c|Jg^$ttJii\ *^PJ^c^o^^T. Ji^s^T^t^T^^-^iJ' bit (^«ltS£^co®:^-^ffitS/jNM-fei©spiSl(OJt) tt 
[00 17] 

t)^ SedigraphSlOO (Microinetrics Instrument Corporation, 
No r c r 0 s s, GA) (^{^ffll:: JzoTayjt^HTt iV^o S e d i g r a p h 5 1 0 0 tt. ^*PC0#14^J^oy^ 

'&l'i)mW^in'Tir^'&mt. Stoke s<o^m\^^<>xWn^fi^, :t:^*i^J^ftt»<STL. 

I 0 0 1 8 ] 
[0019] 

[0 0 2 0] 

:^^m\^^r>xmm^ti^^m^t. mo, iMm-^^i. o/imc^ssffiospisiit^jtofcSEBs^^Hfeira^-r^Sw^t 
a«3K^PBi^>Btii. ^«tti^-fxt. 3t«««&ffifit. %mu(o+^iimmM^xxfBW^(om^'tk\zii^xmm^ 

[00 2 1 1 

^m<DMmm'fmmi (ipd) ^««•i^>fXdt. itm^i^mum^M4> iwm^tLxo) tofdioM 

mt. i^(D:^U^\zXoX'^im\^4'X,hhh, 

I PD=d • [ iTi/SiP) 1/3-1] 
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[00 22] " ' ■ 

mz.ti. m^rB^5>g8*S 0 . 3u m-CfeS t y^fi^tlZ^'t. Mcizm-f -^ Xis 0. 5 0^m<OV^m^mT 2 O mSr 

si^f-'<XT'i±. &mfm'j-^i^mi&mit. 5o%xr)i,+^izT(r)mmfsm-c^mzm^^tii, tit. *?em 

[00 2 3] 

fiiiih. m^<oSit. «iiF©1^'f'X*5j:u!Jg«?/i?)WJ:«t^©{*g[ttfflS»::fe#1-5. 
[00241 

3EW<Oj8grt, Xi ^ttc^tj t) , mwmW\zii\'^xmMiri-f^ Xt^tlcJiiD-t 5 w i: iS5)-;!i»oTt^ 

5. ISoT. ^Wf-'l'Xi5j5s®jhjiS{cfo^)i&^|r(4, ^Wf-'fX;45^iB©TSSf-fe5i|-&J:!Jt>iSi'^Sf«©^ 
aeiJtSSHtt. :6»b*b 3 0 ff* L< ttiKJ 5 2 OftS%. *1>jft U< ttlUl 

[00 2 5] 
[00 2 6] 

m'immji^to-m^^tivi), mwm^tlmtft^t^mmmm. ^^m. titifgrn^mmir^m^-^^Lx 

[00 2 7] 

*i6wofi^stif©K*fei4iEtti&©*^7ijsa(4, mttnmi)^mm^mumm(omw^\z-t^x(o^i::^^^B 

J:!J;'!:#VNftS©l:imBKife1'<0)l^y-7-ol;4:^fr!Ki-5- t£(^jcfir©flJ#1>L/j:i\ 0. 7,iniCaC030m 
SSSiT**) 2gl:%©;^r7 y >&t(OmMi)^Mcmxhi. 
[0 0 2 8] 

-fV^'is-c^Wt^^^nrtiVNiJs, a^fi^ix^jK^IItt*!/^ a^^^B^c*5^^T^^o. ^mSftfci±:^=-r 
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iii.!^^mmm^-ti>M<o:)5mx'it. mtt\immmmmc^i^^h. ^MH-<x^mixit'?%mt 

[00 2 9] 
lO 0 3 Oj 
[003 ll 

Wf/Wp= [VF/ (1-VF) 3 -Df/Dp 

^t, wf n*««-o*ft-efet), wpttsjfy-v—cmfi-efct). vpji, *MJfs»-eiftBj^tn3J:5t»o. oi 

~0. 3ro©ll(D. ?c««-OM* tV^<$ffl^>^-Cfo!). D f tt^$t09BST?*) ►) . DpHdfy-v-©ag«-T?fc5. 
[0032] 
[0 0 3 3] 

(lli£f« 1 - 3 *J J: UfJtK 0i| A - J ) 
»:<O^Jf (4, C e 1 c o n M2 7 0 JKy T-fe^--'l'*a[-&fls (Hoechst-Celanese)lr 

. ^2iZ7r--t-$' ^ yi6XXfm&(OC & CO 3 k^M^i^y h' Lit. ^mWtt^XSpe c i a 1 l y Miner 
als Inc. *»t)A#L.fc. 3r><r)7^7-T ]) :yStiim%mUtimm\zmmi&m^tlit. 2 8mm^miB=M:^^ 
y »-}fm^ (We r n e r & P f 1 e i d e r e r . R a m s e y . N J ) 2 2 O^C©/^ WWiSgT^StT' 

&SSrg<ffl Lfc6;*-v;^. ISOhVVah Dorn It ffi^?^tS-Cl*SI>t Ufc, ^mm-''^ WVS^ ?r 2 2 0 

[0 0 3 4 J 

itmmAXii. Ce 1 con (MSkiS^) M 2 7 0 ^r^^tf^i tXif Lill UXWUiJ^JfJ L/c. 
[0035] 

■f-^T^Mj^t)*. ASTM D6 3 8-9 5 (^-f ^ I ^^flJ. 2'('>'^:i:$(Dy-v':ft. l/'2-1'yf-4i, 1/ 
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Hgttl*^ (ASTM D2 5 6) X-omt\zmW£m'^m)i (5^y5^*$. l/2^y^m. l/SVy^^Jf 

. ig^Sr* 2 tc^l", 
100 3 61 

3tipU<Cii^ofcri:«:/T%-f-. $e>lwJox.T. ^!ta$i^T^^/j^^^A 1 ba f i 1 "CUT'fj/s'mttillJPU 
[0037] 
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[0040] 

{mMme--9:i6Xrj^miMs N) 

S:ii:^m^T«. ^l£«4^D*^feS:fflV^fco mflBM^gtt. ASTM D5 2 9 6-9 2J;i«ltft^?tt^. ^^1^7/^ 
28, 3 0 oy/i^h^ (Da) OS:¥i^5>^i:i: 9 9, 2 0 0 D a (0Sl:¥^5>^ftt 1- J:oT?*m^tt 
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'*'*^'*SSSSIS'.'^"'^ lIBBBBBIIlllliBIIIIBBIilM 

II FW)ru,ry200a(2J.012IK)Jl fCI* ^fO 02/U429 A3 

|9I) laliniAllWMl 0»vttnOt^i CffSLSHtM. (*)) DfMlwiM Stain iWKMtr: Al. AR AT. AU. AT. OA. 

caixis«a.90«.am;3M3fr i».naBR.By.CA.a).cN.cv.cz.iiE.i>x.iiL£l 

n. lasL <iu.cnvQi. om. iVLrn^. id. n. ik. is. jp. kis, 

ni) iDtrnwrtM*! A|»l>siin N«»b«tt VCTAJSWBS? I Rfl; K?. IHL K2» !£. M, W. I.T. LO. IV. MD. HQ, 
112) >p|r<naliMMlFii>*flDate: 17A«f«M2Ul(»miM.2MK9 ^i' ZW 

12^ FfBH tMfHBiff l^vfc Pnlf wir4 JiMM (>vi»w>^ AWK) p*i«M {.OH. C^L 

KU. LS. MIV. Va, .'$». SI.. 17.^ ITQ. ZVA emiati 

{3<) |NiUlciillML«>s«ajR: |«»i«(AM.AZ.IitKU,Rr»n>,jaXTJ.T14>IUnjMn 

IMM (AC bi; Of , CV. Df!. 0IC tSK. n. n. U9. OX. IKr 

f7 i) A FV) icMi dir i« db^wcrf 5nn» tsotf* Up: EJ. DU H", W MC XL PT. OAH (BK AJ. C7. CX), 

^^WMCT PC NicmOii;jt5 AKucoMPAN-y imnisii ion a oi. oa. ok. w. mi, mr, ne, o; m io>. 

MvM SUM. WMVIM Oe I W9> (U«l 

|72) Inrc»tw!r.n4 — *^i'*intlio>uls»i»chnfni 

Cl^ l»»<c»birWAn>Sc»»tt ilir ttT <mfy)i ^inKKXttC. 

CSS AlMli. Cvr IU5/U3); SCtWpcktfn Um. ^7tolBtt4^ ArAr0.1tJttr«r!«ft9Mr«f4itf0itrtW<(MM<, irftTt^Otr 'Cnkf- 

^ mi98IOi\5xru:.XMAN,C«<nnd,An).>rIUSn!S)i iMxytia n|C>«tvM^.4*Nci«tlliM*4n«artiv« Ar**'^ 

» 10Cn«t&<>iKMc}.«'Um2t«lon.mi97tO<U5L A*««/udkiiSMl>rteN ^tfrfCrOtoUK. 
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TOUGHENED.HJG»MODULUS P0tYACETA15 

Tbis nnffDtioD niales to a pdyaccUl campwitiw formoldod arficks 
5 exhibiting deoiAle combinaltom of ili0hc8« aod impasl nautancc ^4ore 
pnrtioiilwrly* dwmyautoin cdaieslo a ownposHiott c omyi i iiin a pojyacettl and a 
niimral fiOer. 

TXCHNlCAfe B ACKfiROUMP CT TPS frfVEWTOW 
Po}y!Kelab sic weU knoivn hi the Ml. md am in widcspnadconuneraiil 
1 0 v(c» prmcipatty m Uk fonn oTpolvwtyDKthyleae homopoljroa- and copobmen. 
PaJyoxymelhylenB bomopolynwr w e^neaOy fonned by pobmenzing 
loFinalddiyde ortrioxane> the c>icKc crticr ibnn or fomnlddiyde. Copolymers ' 
gaKraHy ionncd by combining fonnalddiyde with variotn c>clit etbent soA » 
Aliyleoc cocide or 1 ^mtUme to fnm a polymer dialn hiving two or oiore 
U lQctfayleat^em1p«difcetly adjacent to one MOlbnTtdicffbyin^roi^ 

stability over that of the )>omp<dynier. Sec Ibr cxMnpIo U^. Patent 2,76S.994, 
U.S. Patent 3.a27;j52. 

Polyacdal bomopohnncr^ and copolymers liave beco modiSix! ia rmoos 
w»yt in Older to t^ooden the spcctnitn oravaflablc pic^crlics. Representative arc 
20 tbc modificattooi to l>eliin® honiopotyjncr, availabte {torn DuPont, as In 
Table I. Table 1 diowa coiDinciTiAlly available gndcs of polyocetal 
botnopol^or wUdi bacve been modifled in oidet to provide combinations of 
ctilBiesa and looglmiss not Avaibblo fi«u unmodifiod polyacetol hcocpolymer. 
SKJSiBss is isdicaLcd by the flexund modtftitt dderaunod accotding to ASTM 
25 D790, and tou^meaic b indicated bynotdied]xod unpact nsisnnce detenidiied 
•ccordins to ASTM Di256. 



T^el 

Propoties of ComnMicid PoIyaeetalBoinopolssnerReana 


Dehm^ Resin 


Descnption 


Ficnua] 
Mod»1os 
(ASTMD790) 
MPa(KaO 


IzDd Impact 
He^stsnro 

(ASTM 

D256) 
J/tim-Ibs/tn) 


500 


nmnodiiicd 


3110 (450) 


76(1.4) 


SOOT 


tODgbcACd 


2250(330) 


128 (2.4) 


1005T 


longbenod 


1130 (1()0) 


S40O6) 


S2SGR 


^^asB jcinibtDod 




96 (m 
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WQ«JV144» rCT/DSMQSSll 

With omtiouiJig reierena: to Table I , Uaxting siKut gfa»* fltreri in « potyiwebj 
renn compo^ion (e-c, Deldn^ 5250R) pravides sbmil 130% inipcoveiiKnt in 
touj|inessiiiKliiboiita300%{nawaseiBStUIi^ However, 
gbas Bbena^fSSwaeiiynAaee the nwktoHIt^ of (be icauhiiiii waa rod itugr 
5 lend to propsrty amiwlnijiy. tnovm fihridkiigep antl part wmpAJte. Midenl fiUist 
protdde tiiailai impvovcmsnlK Jn Btiflhcs} toAepoljraoctri leiia Imt oaudSy witfk 
&j)cdDciion jn lfni,ghiKS5t even tbousli proccsitbiGiy snd pioduct isobofiy nc 
tjoprovcd ovev s slnsi coulAuung oomjxMitfcBL 

)l u known io ibc ait to incoiponile fttty paxticobrly ctearie «eid« 

1 0 bto roiitcral iiJlod pnlyoMb compositions, for exao^tte, rfttfiot 

No. 4,795,768 to Ajicicr at oL discloses a coispontion cotnistins of high densily 
polyctfayloDC fined vntb SO of a 3.5 ;un ChCOi prc-ti«ited wilb 25* liy 
wcigbt of isisiciiric sad. Izod-impact was decreased by albout t% «n(h itspca to 
the unfilled polymer vAulc Sltxatl jDoduIns incrutsed hy obout 150%. 

JS Oionge* lOtKIot Conf. DisfonBitlon, Yidd, and Pnctare of PolyrooR, 

cootalauns 10% M>lumc of a 0. 1 (on »nd 2 pm CaCO) loth siesric edd treated 
«ndiiitfratiied. The i»impo3itionscoijtai]^lbe«teQric acid fiealcdjniOT 
cxldlnled fntitare tonghijess hifber fban die uafiDod polyinoraiHl sttnewihat 
20 bifidbersllflhess. 71ieo(nnpositi«iiooidabiqgtik)2piBinrtitattdJ!ilta-«ms^^ 
toCbettealedeoiBpoaitioivbatflMieoBlaiiriiigtbelll pOLtutreMed fiUfir 
exhibiicd n50% leduetion b bftetMetcnghness ondabmit a4S%incie«ic in 

SuctsutBi^ The Pobmer ProeessioiE SoeteQr^lSW))^ discloses an ncrase «f 
25 notdied Izod unpactremtance of 230% in ab'eh mokculariveiglrt pdyprnpylcne ■ 
composition eontuning 30% by wrigfat of stcaiic add treated A3 pni CaCO). 

The djfTenoceF bctwtoa saiuntcd end uosatuated &ity acids in (heix 
tetemctiott wJib mlccrai pculWes U disclosed In OUeniD et aU J> Ot) Colour 
ChemhslsAsM. 50:844 <197). 
30 Fkxtnan in Totichened PUtslics I, C Kdtfi Rievi And Antbun; J. KinlocH 

editors, Ajueriean Otemica) Society, Woahinston, 1993, dxnvs tbat ihe firactara 
iJtcchasics cf poJynectab difTeie cossidctably from fboi of polynnudes. 

SlIMMARV OF THi^ mVENTION 
)d one a^oct of the pnsciit inven&nit theie 19 pavvlded a ccoi)^ 
35 coiiqirisnij n paJyexymcdkylcftc polyiiBr ewqpining to 1 0 nol^K ttf sepcai 
vmhs comprising o^yaDtj^tac radicals ha:vias iu!§eccot ^ethylene units, about 
l%r30% by vehnoe a ii^iieEal filler havfaig u ajqpecl 
the larBe«llo Hie ainanest dimension of Ibe filler par(ioile}.iif 5 or less, Hie filler 
2 
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havjnganvmase cqohralcm ^libedeal diniDcterfa) Uk inncnof About 0.1 to less 
(haa BboUL 3.5 micnmiciaBV mA a salvnuedorfanSc add* salt <heiooi; oi aouxturc 
tfwcdi, a coneentnition of m Icfist aboni OJSK by vnajj^ of Ihe niwnd flUo. 
lo anolfacr aqwcl, Uie un^eiitiOQ nlalcs to a jm»oe» 
S conipi»lNan.coinpii5ug1testep<tfcan1»i^ 

conprisuiK vp to 1 0 not-H of icpeat oiiiu eompiisBf c»qpaQ(]rltti» sadbab 
having D^acent mcthylor units, wth a mincia) CUcr bavmg bd aspect laiio of 
less thnn S, Die nrincnl fi»a hnvm^ an Bvcxsge cquiv^ikal sj^xaknl diamctex in 
flw lange of about (Xl to aboul 3 J imcnuDctcr9» nod a sanimtcd organic add, tati 
to thooof, ot a mixiurc (hcioof, Dt a cooocntialion of at least ahmit 0 J% by vitnebt 
of the tnineral filler, Ihe xmnCTd filler aod the polyacdd being combuicd at « 
wuglilnto gSvco by the fbDnula: 

WlWp » [VFAl-VJOl • W/Pp 
Wfb the weJi^i! of At fiJkr» Wp is tbcwigbt cf fl» poljnner, VF hthc 
1 5 deslitd volume ficacUon of filler, io the xongc of aboul O.Ol-O J. Df a the density 
otibe fiUa^ nitd Dp is (he densi; «tf tix poljrmer. 

heating Ibe omnbiBBSon to 0 toitpeaturo oboiw fjie mdti]^ 
the polyacetal to fbno amoHw composition: 

Buxiog the rooAcB conpositioA to jvoWde a hmnosuious mcXt; md. 
20 fflftBng the- nxdten compoalknii 

PgTAnJP DSCMmOM 
tUs invention, tbraugkliie iDcoipocaiiim of aatuialed otgaitic acids, salts 
ibBicof, or nuxtutca tiicxeot into compoaitiona comprisiiiii polyacetals and 
ndncxal liHciS, itsulls I& inviovonenls in pmperties over Oie uoEIled poljnncr 
2S andfiIkdpoIyinancoitfuBingb)ipadnu>dW^ This inventJoo 

iocieases stiflhess ot coostant or increased tnoi^mess over the UDmodiftcd renn. 

Po}y»cela) hoowpolymexi, cod copolymccB formed from, two or innir 
aldd^e or ^io ether mooomcn ue soltablc for the practice of ibc pescni 
invcnttoQ iDctodlnc those wbtchhave been irocleoted, jMsmenicd, aod etherwe 
30 nKKliiiedBccoFdinstoFactitx&coinmoDmlheait TliepoJyaoetnlsoftbia 

invcnttoD nay inolode small emounla of coxooum additives^ typscally less than S% 
by wd8hl,v«McbnuiyaSe£ttougboessor8tijRs^ stabilizus, 
antioxidants, mold itlcase agcala, hibiieaids^ gbos fibcn^ eabon black, 
plastielzeia, pigmmts^ and olbes wdHCDSWO additives eommoiUy employed h (he 
35 art. 

Polyacelals prcfbued lor thajoaeliee of the present invcolioD ImliidB 
polyoxyxnelhyteoe feoaaopolyniei, or a copolymer ttiereof compiinng up 1o 
10 iitol^ of dJkyicna ntfical jcpeattmils hai^ adjacent melhylena gnn^ 
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Prefiaml copotyineif indivfc Hagtsc fcmtd by copolyowriaf^g Bccmdins lo Ae 
teaehsnBS «f tbe ait tamvWhydo or bioJOMw «vilb cydic dben taWfiS 
2^12cn-bon8lo]m,]]rerorably}>toolaiw. Mcrably sadd dcylMc lOdical 
icpeiit unto represent m nioieOiaD 5 nwl-K, mostpclcnbly not siwr tban 

5 2 iPOl-%, of the total polymer. Trefoxed pnlyoocyfDclbjrlene oopotjums an 
di^wlyraoa of fannalddgrdc and cQ^)cm wddt yihat iBx qiontily of ethylene 
(Wide incoipomfed isto tht polyma Is about 2 Tvdsht pcncM. Tbc pTtfcrred 
pd!ywo>niethyleoc homO' and copolymer* for use in ibo compontionn of the 
pxewfit ifivcntloB oie bose vrith e nisplTcr avcnifi: molecnlor ndght of ehout 

10 20,000 10 l00»O0O. more preferably 20^000 to 80.000 aod mosi ptefenb^y 25,000 
to 7O»0O0 ond those xArnx lenniinl hydroxy) ffoixpi have been eoA^aipped by a 
diemical reaction 1o form esto m dim KR>up\ preferably acetate or tadhaxy 
groups, fwpoctivejy according to ChctcachinCB in U.S. Patent 2,768^94, op.cU. 
Suitable biot^c filkra £or me in th3s inveatioa «i« those tbftt do not 

IS have Mgiuficattt off-^assofi oi decompose tbonacWes or cm»v poiyaccto] to 
decompose at typical pdlyecctal processing conditions, inchuJing the tinje. 
tcmpoattuc combioeitions of ii^octjtia looldhig. Tbt-sc inclnde, but arc not Uinited 
to: calciinD curbonate: oxtdca iiicb ai aJuoinei, aivt», Aftd titauMn £e»da; 
suUaica soch as hiirium ntlfote; tiunalcs; kaojln cloy and otto siliealefl; 

20 inagncsIunibydroxidetaiidiMboDUadc. IntheptCRmiavwtUH^ 

(the wcn&i ratio of Hit lariseii to fbe «iitaOeatdUiienBO»of dw fillcrpttitick} of 
|G«ai1bannbaiit$iivood»5tiuscoi»ei]lia^ Theprefared 
iillcis am calcaim carbonate aod litaAhHD dk^^ 

ITbe size of the filler psrttelcs w staled aa the equivalent sphecieal diameter. 

25 The equivalent spberiaaldlflmetor is ibe diameter of a rtphenshaviiui the 

vohime as the filler pactiele awl may be dclcanlncd by use of a Sodieroph 5 1 00 
(Mierometttcs bisttumeot Corporaricn, Korcross^ CA). Tbe Sedigniph 51 00 
ddamines paitirXe aize biy the KdirncotBtion method, meomiDg Ibe gravity* 
induced settliog mtcs difTctcot ziu particles in a Hq^d VriOi ksown properties. 

30 llie mte ol vvfaich pariidea fbQ throuB^ tbc Hqnid is dcsoibcd by Stokes' Law. 
7bc targcjir paiticlcs ftD ftslalW the sinallosi paftt^ 
sedhDcntataoD nfe b UMBSurcd xamg a jiitely colliniflled beam oflow energy 
X-cayswMcb pan DuoiQbfhBSunple celt to a detector. lliadislifbaliDn of 
p«xtkles»ass at V4itioo> points (be ceU affects Ok nonsber of X<3ypu^ 

35 i«DcbiD5 the delectgr. TlusX-fqrpvdse ooiutt Is tsed 10 derive ll»eporl^ 
distribulkmcxrreawedasihepcroartinaaiatBfvenpnr^ Sinoe 
particlos cttrely exUbtt onUbnn cfaape^ cad) particle si» iaxqioilod as an 
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''Equivnlcnt ^plKoc&l IKniictei*» the toi^ 
wkh the same E|«eil of oednnenbitiMi. 

SutobleparHclrs ba^vciiiMciitcpberical diamet&n inlhe fasgpcf about 
0.1 to lc«s tUn about 3^ uucrainBtcn; most Ijfpical^ nboul 0^3 seAetemtm. 
S ll)e size crftbefilloiayddes can died die loqg)brassmd/ori^ 

liroperfies of tlit com|«ritit» of 0» hiventim. Fartidu that ot dtfacr loo Jm^c 
orifW5niiUldonc«j^nh)MljhebcM£lsoflbcpvtMtf AsuitBUefiU^ 
paiticle bas a n^lativety tmnw nzt distribution with paiticular emphasis on 
bttving a mininiuin numbix of paiticka mocb Ifir^ Iban the mean partick Mze. 

10 li 18 btiUcvcd Umt tilt bnjxovemcnis provided by the in>*eniion are related 

to achieving « ifistaoce dlstilbutioii wiA a rocmi value ni tbe range of Awl 
0.1 \m • aboot t .0 ^ni; contnlltng of (be iutcifacc bet^weonicsiji ood filkr> ond 
jna)Dtaintn£ continuity of the polymer phase. Tic ceaicst ocighbcr inleipBrticle 
separation is controUod by the cotobixuiiioii of fillci size, iilicr lood^g, and 

)5 odoqooto dcaggloxDcmioD and dii7>cnDQn of Ibe fillit. Tbe potyrots/iiJIer 
bitcT&ce is coniroUed by the use of iniifiGieni but not exccu 
Mtunted oorgmuc acids ond/or salts of the invention. Tbo cootb^iity of the 
polynerpbase b dctonniocd by the voUmA loadiDg of filW. 

Ibe relafintsbip monaine&Q nearest neighbor inteiparticle distance 

20 0^2% ^ lequind filkr loadbig,^ (a> > whioefnolioaX ^ Btvog 

appraxioutflly by the eqintiuo 

For cxamide^ h was foaad fbeitby that tdxn Oie kkfpailide sq»fa^ 

to be 03 fmi the inaximum particle size canaot exceed 20 (un at volume firactions 

2S less than 0^. When the partides oca^ about SOf** by whime or tnote> 

however^ the continuity of the polyjnor moutit is jeopardised. At paiticle 9tzcs at 
or below about O.J microiDClef , the ictpiiicd inieipflrtide sepantioo nnBc is 
rcadilx ocbievcd at vdumo loadiDgs VAdl-bcbw S0% provided that Oie puticJcs 
cnn be deagglonenited nud haznosencously dispened i^ch cm be -vaj diJIieuh 

30 to addevc because of the vcay hifih sut&ce fotcco binding ilie fine pantdes 
toedber. Al9o.itisbdicvedtiidflieloo^)en90gdr6Ciob9G7vcdinfhepfBctm 
tht» invdrtioo depends t^oo tha cffidcal daboiidiiig of tbe fiScr paitide ton <he 
TTBtB during impM Affmentt^, TbpahBi^ytodebondd caeasu ^riftipBrtidc 
sbEO. lilatbeardbrobdkMlbddpBiticterizBBSBiuebbdowOJ mkMin^^ 

35 ihecondilioosareiiDlOQBCrfbwaablojEbr dsboadi^ 



Ute bGlie»«d thai tbe fMdyiDcx^er intciiiiqal fbreea an 
or more satuiatedofsuic adds or sails IfaflKoC Hvicgiilsileamouiit depends 
5 
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tqxm the iaicfittlQ) area c.^ tbo gccaiot Ow iotccfo 

acid or acid adtUtcqdica. TbeaciuidiinicnnthoivevervriU depend upon ihe 

d2c and s)Hy>e of die jpfitticjfv and the volnmc kra^ 

It if /bund that fhe cooccsDlntion of filler wiei with filkr siw, mciM^ 
S with increasiiig titu in fte anltibk nogs. Thus, if fbefiUeriDstt is atlhe h^^ cud 
of Ae nnee, a hishcr coDccotiatioD of nUcr b ncded than if 0ie fiO^ 
thehnvncndoflbenmee. ThaffuUiUoni^balNntt] toabout30vol.%^ 
prtTta^abfy Abom 5 to aboirt 20 vol 9^ and oioct polbaUy abo^ 
20 vol 9i. One of stdll in theart. willieeosoia^ hvwevei, tfut at ]% finer 

) 0 losdinss. polyaceiid cempos&lkins wJU eidnUt mioiinal impravemenu in laifrncss 
or impact leaistanoe. 

Al fiUer loadiogs ^iMxr than apjprtaiflurtdv 30 vol %, H becomes 
bcrcaangTy difiBcoIt lo achieve a bomoeeooow dUtributioA of oon-aggUnnerated 
fiUec ivilhin ibe polymer matrix usinfi oxdimry methods of oiell mixing. 

1^ SuitabJc saturated orfifti^c adds inchide elipbatio coiboxylie adds having 

sbPtil-30 carbon atoms opftionaJly subsdnited by one or mme oxygeo atoms ot 
n4fur aioms. A suitable acid may optitxnlly enntain one or more aliphstio, 
BramaliCbOrfunctionaJiscdeidccbai'os. Preferred acids include stearic 

acSd. Inmcianiica^ts of tho suitable ocid5A»cqim0yftutable,inchidingzmo 

20 KcamteamltbelilCB. ftitvnlcratoodbyQmofddnmthoaitftBlanoij^Btteadd 
Id comUnationwith 0 innwnd atdevaied ica »p eirat u» q duqr Som a faltthacwtib 
so (hat tbo add added to thcndxtnre in fbc preccss of (ho iirmitlon may ct may 
not be p rcj en l in Ibe £nal product (hcseot Ihc onjanic ockb or salts thereof are 
pmenl m a comccnlndiOD ofat least Ol5H hy migbl on tiw wagbt of the filler. 

25 WlHlethmisnopoi:tiaifBropperUmHioooocenti3iionoffflgamcadd,raaBic 
embodiment of the invention the eonccntniion of or^^nie acid or sail therecdT b in 
the range of alxMit 0.5-to abont A% hy Tveigbt on the weight of (he filler. 

It i9 believed that a useful concenlcfttioa of add or acid salt in fte 
coniposHlon of Oie invention conespoods to that at whkb the acid or salt lonns a 

30 DMlecnliiiiiionolsyeronsobstaQtialty aO of (be nrawid filler snrfooe. Any 

amount less than lhat will oxhibit less thso the oprimnl combiriBiion of propoUcs 
while any omounl more iitaa that serves no iiinction except to dilute the amount of 
. polymer in ihe composition. Tbe odditim of about 2% ty wngbl of stmie acid 
OAlhc tveigfat of the 0.7 pxn CaOOs i> optimal. 

as IheeooqmsitioaofiheiavatfinDisfamwdbycoilinsafyierwAa 
cotureted Mfiooic wad ta salt tbeiect mixiag the coated filler into the pdyneetal, 
fiudpeUe&di^thepnidiKt TlwssluiaiiedotsamB acids or salts nay be, but are 
ooL nqmred to be, applied to die fdler io a separate ooiling step pcior to 
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processisu polymer.' In n mttlnd, knowo in iheofV ftvapplj^^ipimo acid 
oc sfill oDBtings to JDiDcnt fiQcii,'lhc vad or salt n dnsohred in im ^^nptisKz 
sol-vent andjaixcd wiib the fXi/a vatti it is aD coated, lbs tims coaled fiUer on 
Iben bo scponxled fonn Qk solutioo md tiie nsnamuDig ccdvcni imovod by dfyioc. 
5 In aufitber mdhod. tbe acid «r ncid salt filler and ttie polymo ere combbed si 
once. htiadaB may fwtber be achieved by Aspentds the filler into a dispcraon or 
sol\riton ortfxc polymer and tbe otcbwc and or nit dmcoC followed by diyins 
Mixing mior idsobe adnowd in dwjncll, aHiia in t batch mbicr or a comiJiaotv 
extruder.- 

10 PicferaWy, ibc insrcdiKiis are dry-blended by tumbliDe followed by 

feeding tf> an cxirvda or baicb mixor accordijig to well*e$tAb1isbed medbods of tbe 
art Alicvnotivdy^ tht ingredients cao be sepaiaicly and oonlinuoiisly fed (o ooe ox 
inoEe extnidar zones by, for example^ (he use of weighl loss feeders, oil of ll» 
mixing being perfonacd in the cxtiudcr, or the juatcriol may be added st ojice or 

1 5 in stage? to a batch type melt blender and tbe composition formed thereio. 

In one embodlaient of the J0vcai>on» the incrediejita aie pnxxaed in a 
tv^'io-sciow co*rolatn)g cxnuder to ensure good nixiDg. Ibo extnidaic is 
pdktizcd and ndveqaootly molded into pMUljyin^^ Thapdie» 
cm aim be comjxvaaon molded or amdded or extnided iheet CBD be 

20 lliexinoiQnnGduiioii complex duipe. Olbermeaiis known in the art may also be 
cK!|4oycd to fininshttped iHticles of the oompoaiten of tbe iov^^ 

II is ooiivcnicnt to condnne the p(dyacetalpo|ynier imd filkx Bocon^ 
a weigbt nrtio detoradned by tbe respertlve dentiliei tboreof and the goal v^nne 
iiaction of filler. 'n» viTigbl lalio is dctcnnincd from tb« equatSon 

25 WiWp «= j[VJ-7(l-VP)l . DtfDp 

whcjc Wis the wight oftlic filler, Wp is tbe wdghl of the polymer, VF is the 
desired volume ftactioD of £Uer, in tbe rnoce of abod 0.01 -03 os herein 
de£cribed,Df isthedimsityoflhe (H)ey,andDpisthedeugtyoftbepol^^ Hie 
density. D, is not (be bulk densty but Ok actual density of the maieditl. 

30 The prescnl iaveotira) is fimhor illustrated Ibe ib]loi«fa)g spec! jie 

cmbodimienis winch ape not inteoded to ba limiting thcieOB. 

EXAMPLES 

EXAMPLES 1-3 AND COMPAKATTVR TTX AMPLE A-J 
in tbe foDowing examples, Celcoo(i) M270 pcdyacetd copolyncc 
3S (Hoeehst^lanese) wan mdt blended wifb the tjfpea and cooccalrBticDB of CaCOj 
diowD fai Tabla 2. AH tbe fiHon we obboned fion Speeialty Mmerals loo. Ibe 
threo stearic acid treated fillcfytnmsannladystvlbce treated. McltUeiiding was 
accompliffaed in s 2S xaxa co-ioCatisg twin mtev exlroda (WemBr dbPllndcnsr, 
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Rainsc^»KOAth»nfe}teup6ranircsof220X. Tb»cxtfvdaievira$pdletixn)a»d 
(he pdlett were dried ovonBht v^ Bt^C llie dried peOcts wtre nwldetl iiDo tnM 
tMtfV in 0 6 oz, 150 ion Vai Dom ii^ctira molding iDoe}]liie ^ 
tvAtec*hs0lod mold. Hie noj^fing nudiine tend tcmpexoUvcs were ad A 22(^0 
3 Mid ihe nxiM toippaaCiire was sot 8160*0 

In CoDiporoltve Example A. Cdcon® )i4Z70 wna extruded and injeclioa 
molded widxKitiDler. 

AQ ampDsifioDS ^smtt molded into dofi-bcne Shaped tensUe Intt for 
detcnninaticvi otYtm^ modului aooodine to ASTM Dfi3S-9S Ciype I 

10 specaisfa^ 2* to^e fHuag^ Icaglh: wide; (Mck) and llexunl test ban 
(5* IoD8r 1^' 1^ mitaUe for ffexvra) usting acconlaig lo ASTM 
D790 aad fiviise In Ihanolclicd bodlmpsetJReantanee les^ ASTM D25& For 
)2X)d testing, (be injeclioo molded Oeximl IcM ban were divided intottvo 2-1/2" 
long pwrccs, DTO dose to the pic atd stf ei7«d to as tbe ''near cod" aod the odt^ 

Id. inritomlbe8atoandreibTed1oas11)e''fiu«Dd^ Theresa)tsnred)Ownb 
Tabled 

Tho dats of Table 2 siKrm Uwt bolb slijCfoess and itopact resisljuioe are 
siroultaDcously enhanced vnih fiUer paitlclo Mlhin a range of about 0.1 to lees 
than about 3.S microns. TVible 2 ihows tbatoi fllJcr szes below this range, of 
2ft 0.07 yim, and at 3.S pjji ibe Izod values did not mcreaaa fai addifioi^ llio hod 
vnlues did oot tncxeaao vrilh tiie luiooolcd AJbalil^ 
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Dclria® SO0P potyoxymcfliylene homcipolymBr \vu processed bi ihe 
fnaimer of Exomstlcf 1-3 axesH ihnt ilir extrudes tuhs a 30 dud twin Ktw 
cxInidcT. Tlem»lttwdu1usw»detesinined according to AST^^ OnSyibe 
S flexusnlUarccDteniivmtucdfoTtbcIzodtctt. }U8iJt»«^ 
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10 EXAMPLES fi.^ AN D COMPARATIVE EXAK4PLEMJ>> 

The mcfhods of Example 4 vi/cn coit^yed except tbm ibe nan was a 
coiDcoocMlty avaihbje copolymer of polyoxymefhjIenD incoiporatiQg ) idoI-% 
of c&ytene Oxide repeat opits. The lestn wxis chsirAciorixcd Ijy » Dumber svangc 
inolt3cu3iir -wci£ht of 283^0 D« and a weight avenigc inolcculsr wdfiht of 99,200 

15 Da> as deiesrained by gclpoznestkai chromatosrapby folloi^ing the ^crcfbI 

proccdiuvs outlioed io ASIM D529&>92 caq;>loyin8 iKxaOuoroisopropano] as the 
solvent Rccuhs ore shown u Table 4. 



Tabk 4. Polyacctal Copolymer 
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\vooi/M«9 PCT/iistionasJi 

CLAIMS 

TVe dann: 

I . A ccmpnsrtion cotjnpnsing i poly»cet(i] poller coinpirising 
pt>)yox>mclh)4cne and up to 10 moJ-Vf of rcpcAl units cnmpn^ng oocyalkjdcne 
S rtdicOs having adjiceni metbylenB onitft, itbout 19V30% bfy vohinie cf a mioenl 
rUlcr baviog an ospcct ratio of 5 or less; the filler bmng im men^ cqnivkkol 
sidi«riaJ diameter in the tange of aboiit 0.) lo Ices Ann about iJS microDJdcrs, 
and « laturalcd ocigaiuc tcid, uiH theieoj^ ot a mixtune IliereoC ^ ■ cooccntntioa 
of td toA about 0 JV> by of tho nuiwnl finer, tincl rq)cal unJts. 
1 0 2. Tbe compOBlion accon&ig to Qaini I whcxdn the eompoulioD 

con^iritts about 5-20% fay volume ofa nmuwal filler. 

3. 11» conqposilioQSOcorifiiig 10 Clafan 1 wherein fliecoi^ 
comjiriseB about 10>209( hyvobume of a nnnenl filler. 

4. TTw compoiilkni of ooontf ng to CUko 1 w^kadn ibe avecage 
1$ eqiijirak9rtif»bcxicaldiaiDdcrf»abaTitO.Stod^ 

• Sw Tbc cof]Spotilk>naixordiiv to Oaim I whadjQfiie concent 

satunucd organic Dcid, caU tiicRO^ or niahne (hereof in the raise of aboni 
0.5-4%. 

6. The cotnpositiotn accofduag to Oahn 1 v^micui tiie satuiaied crganic 
20 acid, $oli tbsrcof, or mhtote thert6rcompriK» one or more ratunstod fatty arids. 

aalta (hcreol or a mixture thereof. 

7. The composition accenting to Oaim 6 whercio the aaturatf^ ftlty acid 
is atcaric add. 

8. Tlie conqiosition acccudrng to Qahn 4 whncb the saturated orijanic 
25 8cia{siicaricactdatacoiicailndionofahout2%bywo'SlitciDlhcwrifita 

filkr. 

■9. Tlie coiiqM>dliDn accmdii^ to 0»ni 1 
calcmo) carbnuita 

IOl Tho conQionttoQ ofClaira I wherein lihe rqieat unid cQiii)iriiiiikg 
30 oxyalkyl^e radicats bavins aijjjacent mafliytaie units are ail^ene oxid« tepcat 
unils. 

) 1. The cooipodtion of Oaim I whcnb IhepolyBRdai polymer i$ a 
polyoxymcibylaie bomopoliynicr. 

12. A sbflipcd aillde oempiiafav the emapoation of OaSm 1. 
35 13. A process fcr fonning a compositicn. comprineg steps of 

coniMimig a polyacctal potyincr comprtsiDg polyo^tymethylcnc and up to 
10 Rioi-% of repMit unita oomprinng oxyalkyleoe tadkab having adjacent 
BietiQdGoe timts, vriQi a mioenl filler beWng m aspect ratio ofless than5, the 
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mincnl filler Junrioe «» AveiBfc e<piivBlcm spherical dbnder Id the ninfic of 
o\xwn 0.1 to aboDi 3.5 mtenxReterSt and anturated wgsDk icid, odl (heieo^ or « 
ffiiximethcieo^otscancflDtntioo of«t]r«si«b(Ml0.5%b9r?KiehloftheiniQenl 
filter, tilt nupanl filler and th»polyMol«l king mnbioHlit o Tvc^htrodD £ivai 
5 tydiefoiniula: 

wboc W » tbe wnglrt of ihD iiUa; \Vp h the wdgid of Ifae pQ^ 
desired volume frodioaKtf fittcx, Jo ti» rango of dwut O.Ol'OJ.Bf is tlie dcofljly 
of ibe fiOer» and Dp it die deanQr of ihe polymer, 
ID beiifinc the eoml^atioD to atenperaiare above tiiriiidU^ 

tiw-pttlyaoeUl lofimna noUen oonposhioD; 

mbinc the molten cojn[iosiiioa lo provide a boitK>(XJ>o<B mdf ; eiK^ 
ODoQDg the molten comjMiition. 
14. lliopcocessofOsuD 13wbeiwQYFbm(heTai}secfflboui 
15 0.10.0.20. 

« 13. T)tcpro(Xi»ofOa1n>13v^cnqn(heevcrDgeeqiuvalcct^berica] 

diarsouar is «bCiiutO.S»3 micarfliiaeters. 

1 6. The proccn of Oaim 1 5 vdienso the saturated OTpODt acid, salt 
thcroof; 6c inixtui« thci«of coiniiriscs satna^ 

20 jttixtom thereof. 

17. TheptoccsBofOaimlSwbaiunlbesnimatcdoisnrioacidbslCflTk 
acid Bi a conoegotratimo of about 7% by woi^t on tiie wrei^ of the filter. 

18. ThepiDceasofCbim]6ydKrdntbe(i«irtfEdfi»yacidustetuic 

add 

25 19. Tbe|mccisofClahDl3«9KRiDlbBfaiOf]^e|i]kri«cak^ 

cofbooase. 

20. Tliepiocosa of Oaha 13 whcietQ ibe iqwattmita comprising 
oxyaUEykoe ndkals having acljacent meiby tene uolts ara cthylcoe oxide uaitK. 

21. Theprocos ofOahn 13 «^dntbDp<^yacelBlpolyiDcrisa 
30 polyoxyBMStfaQrlcDe hooiopolyoMi'. 
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